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PURPOSE:To measure in an almost actual arrangement the focal length of an optical system which is specified to have 
finite focal length by providing an arithmetic means for computing the focal length of the optical system for measurement, 
from the position of a generating means for a divergent beam of light and from the position of the optical system for 
measurement. 

CONSTITUTION :A generating means 1 for a divergent beam of light has a semiconductor laser 2, and an optical support 
3 (stand 4 and bench 5) supports the generating means 1 in such a manner that the means freely moves along its optical 
axis. The position of the generating means 1 is read by a reader means 6 (laser gage interferometer 7) and stored in a 
storage means 8. An optical support 12 (stand 13 and bench 14) supports an optical system 19 to be measured, in such 
a manner that the system freely moves along its optical axis. The position of the optical system 9 to be measured is read 
by a reader means 15 (laser gage interferometer 16) and stored in a storage means 17. A light-beam convergent-point 
detection means 9 (two-dimensional CCD sensor 10) detects the convergent point of a beam of light emitted from the 
optical system 19. An arithmetic means 18 computes the focal length of the optical system 19 from the values stored in 
the storage means the 8, 17. 
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Japanese Unexamined Patent Application, First Publication No. Hei 7- 

55638 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0049] 

Embodiments 

A device according to embodiments is explained with reference to 
FIG. 1. A device according to the embodiments comprises a dispersing light 
flux generating section 1, an optical supporting member 3 which supports 
the dispersing light flux generating section 1 so as to be freely movable in a 
direction of an optical axis of the light flux, a reading section for a position 
of the dispersing light flux generating section 1, a memory section 8 for the 
position which is read by the reading section 6, an optical supporting 
member 12 which supports the optical system 19 to be measured so as to be 
freely movable in a direction of the optical axis, a reading section 15 for a 
position of the optical system 19 to be measured, a memory section 17 for 
the position which is read by the reading section 15, a light flux condensing 
point detecting section 9 which detects a condensing point of the light flux 
which is from the optical system to be measured, a calculating section 18 
which calculates a focal length of the optical system to be measured 
according to the position information for the dispersing light flux generating 
section 1 and the optical system 19 to be measured which are stored in the 
memory storing sections 8 and 17. The optical system 19 to be measured is 
disposed such that the optical axis of the optical system 19 to be measured 
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coincides the optical axis of the dispersing light flux which is from the 
dispersing light flux generating section 1. Explanations are made for parts 
of the measuring device as follows. 
[0050] 

(Dispersing light flux generating section 1) uses a dispersing light 
flux which is from a semiconductor laser 2. 
[0051] 

(Optical supporting section 3) comprises a mounting base 4 and an 
optical bench 5 for supporting the dispersing light flux generating section 1. 
The optical bench 5 is formed by extending the dispersing light flux 
generating section 1 in a direction of the optical axis of the Hght flux. The 
mounting base 4 can freely move on the optical bench 5 by a pulse motor 
and a feed screw which are not shown in the drawing. 
[0052] 

(Reading section 6) attaches a corner cube which is not shown in the 
drawing on the mounting base 4 and reads a position of the mounting base 4 
which moves unitarily with the semiconductor laser 2 relatively to the 
optical bench 5 by the laser interference measuring device 7. A direction in 
which the mounting base 4 (semiconductor laser 2) approaches the optical 
system 19 to be measured is a positive direction. 
[0053] 

(Memory storing section 8) 

A/D conversion is performed to the position information which is 
read by the laser interference measvuring device 7. The converted position 
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information is stored in the memory storing section 8. 
[0054] 

(Light flux condensing point detecting section 9) is a two dimension 
CCD sensor 10. An image which is obtained is observed by a monitor 11. 
When a diameter of the light flvix which is condensed on the two dimension 
CCD sensor 10 is minimum, it is understood that an image surface of the 
optical system 9 to be measured is on the two dimension CCD sensor. 
[0055] 

(Optical supporting member 12) comprises a mounting base 13 for 
supporting the optical system 19 to be measured and an optical bench 14. 
The optical bench 14 has its longitude in a direction of the optical axis of the 
optical system to be measured. The mounting base 13 which is disposed 
thereon can be moved freely in a direction of the optical axis by a pulse 
motor and a feeding screw which are not shown in the drawing. 
[0056] 

(Reading section 15) attaches a corner cube which is not shown in 
the drawing on the mounting base 13 and reads a position of the mounting 
base 13 which moves unitarily with the optical system 19 to be measured 
relatively to the optical bench 14 by the laser interference measuring device 
16. It is understood that a direction in which the mounting base 13 (two 
dimension CCD sensor 10) approaches the light flux condensing detecting 
section 9 is a positive direction. 
[0057] 

(Memory storing section 17) 
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A/D conversion of the position information which is read by the laser 
interference measuring device 16 is performed. The converted position 
information is stored in the memory storing section 17. 
[0058] 

(Calculating section 18) has a function for calculating a focal length 
of the optical system to be measured according to N pieces (N^3) of 
positions (value which is read as a position of the mounting base 4 relatively 
to the optical bench 5) having a conjugate relationship xi (i = 1, 2, .... N) of 
the dispersing light flux generating section 1 and a position (value which is 
read as a position of the mounting base 13 relatively to the optical bench 14) 
yi (i=l, 2, N) of the optical system 19 to be measured according to a 
formula 11. 
[0059] 

[Formula 11] 



5 



- [ L ( A Xi)( A yi)][ S ( A xj] + [ E ( A XjX A yi)][| ( A x^i A y^ ] 

i=l i-^l 

X = ~ 

N 2 N 2 N 2 

-[S(Axi)3[£(Ayi>] + [SCAxiXAyi)] 
i=l i=l i=l 

[E(A xic A yi)][ S(A yj] - CE(A xpc A yi)][ E( A x^C A n)] 
i = l i-1 i-1 1 = 1 

y= — ~~ 

N 2 N 2 N 2 

-[E(Axi)][E(Ayi)] + [ECAx^CAyi)] 

i-1 i-1 i-1 

f = vx-y 

Note: 

A Xi= X.- Xj 
A yi= yj- yi 
i = 1. 2. N 

[0060] 

Measuring method in the embodiments is explained with reference 
to FIGS. 1 and 2. 
[0061] 

N is set to be 3 as a setting position of the dispersing light flux 
generating section 1. After that, the dispersing light flux generating 
section 1 is set at a first setting position (step l) such that the Ught flux 
from the dispersing light flux generating section 1 is introduced so as to 
approximately coincide the optical axis of the optical system 19 to be 
measured. The light flux condensing point detecting section 9 determines 
the position of the optical system 19 to be measured for detecting that the 
diameter of the Hght flux is minimum by moving the optical system 19 to b 
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measured in its optical axis direction (step 2). 
[0062] 

A position xl of the dispersing light flux generating section 1 and a 
position yl of the optical system 19 to be measured are read out and stored 
(step 3). After that, the dispersing light flvix generating section 1 is moved 
to a second setting position (step 4). 
[0063] 

The steps 2 to 4 are repeated until the setting number N for a 
position of the dispersing Ught flux generating section 1 is satisfied. 
[0064] 

The focal length of the optical system to be measured is calculated 
by the calculating section 18 according to N pieces of the setting positions xi 
(i = 1, 2, N) for the dispersing light flux generating section 1 and 

positions yi (i = 1, 2 N) for the optical system 19 to be measured which 

are determined in the above manner. 
[0065] 

Other measuring method of the embodiments are explained with 
reference to FIGS. 1 to 3. 
[0066] 

N is set to be 3 as a setting position of the optical system 19 to be 
measured. After that, the optical system 19 to be measured is set at a first 
setting position (step 11) such that the light flux from the dispersing light 
flux generating section 1 is introduced so as to approximately coincide the 
optical axis of the optical system 19 to be measured. The light flux 
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condensing point detecting section 9 determines the position of dispersing 
light flux generating section 1 for detecting that the diameter of the light 
flux is minimum by moving the dispersing Hght flux generating section 1 in 
its optical axis direction (step 12). 
[0067] 

A position xl of the dispersing light flux generating section 1 and a 
position yl of the optical system 19 to be measured are read out and stored 
(step 13). After that, the optical system 19 to be measured is moved to a 
second setting position (step 14). 
[0068] 

The steps 12 to 14 are repeated until the setting number N for a 
position of the optical system 19 to be measured is satisfied. 
[0069] 

The focal length of the optical system to be measured is calculated 
by the calculating section 18 according to N pieces of the setting positions xi 
(i = 1, 2, N) for the dispersing light flux generating section 1 and 
positions yi (i = 1, 2, .... N) for the optical system 19 to be measured which 
are determined in the above manner. 
[0070] 

By the way, the present invention is not limited to the above 
embodiments. It may be acceptable if one dimension line sensor is disposed 
in a light flux so as to detect the minimum light flux diameter for an 
alternative detecting section for the light flux condensing point. 
[0071] 
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Also, a detecting section shown in FIG. 5 is acceptable. That is, the 
detecting section comprises a pin hole 20, a relay lens 21, and an electro- 
optic converting element 22 in which the electro-optical converting element 
22 is disposed in the pin hole 20 so as to be conjugate with the relay lens 21. 
When the detecting section is moved in an optical axis direction of the light 
flux which has a condensing point, an output of the electro-optic converting 
element 22 becomes maximum when the pin hole 20 coincides the 
condensing point of the light flux; thus, it is possible to detect the 
condensing point. Otherwise, it may be acceptable if an interference 
pattern shown in FIG. 6 is utihzed. That is, the detecting section 
comprises a reflecting section 27 comprising a laser Ught source 23 and 
lenses (24, 25„ and 26) disposed in a light flux in the dispersing hght flux 
generating section 1 so as to reflect a part of the Ught flux along an optical 
path reversely and a reflecting section 28 the light flux which is ejected from 
the optical system 19 to be measured reversely. 
[0072] 

In a case in which the reflecting section 28 is a concave surface as 
shown in FIG. 6, it is disposed behind the condensing point. When a center 
of the concave surface coincides the condensing point of the light flux, the 
light flux is reflected reversely along the optical path which the light flux 
came. Therefore, an interference pattern can be obtained by an 
interference with the light flux which is reflected by the reflecting section 27. 
In a case in which the reflecting section 28 is a convex surface, the reflecting 
section 28 is disposed nearer to the optical system 19 to be measured than 
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the condensing point. When the center of the convex surface coincides the 
condensing point of the hght flux, the light flux is reflected reversely in the 
optical path through which the Ught flux came. Therefore, an interference 
pattern can be obtained by an interference with the light flux which is 
reflected by the reflecting section 27. 
[0073] 

In a case in which the reflecting section 24 is flat, the light flux is 
reflected symmetrically to the optical axis when the condensing point of the 
Ught flux is on the flat plane. The reflected hght flux interferes with the 
light flux which is reflected by the reflecting section 27; thus, an 
interference pattern is obtained. 
[0074] 

In any cases, the interference pattern is observed by a two 
dimension CCD sensor 31 and a monitor 32 via a lens 30. In this way, the 
reflecting section 28 is used as a detecting section for the condensing point. 
[0075] 

Furthermore, it may be acceptable the dispersing light flux 
generating section comprises an incoherent light source and a lens, and the 
condensing point detecting section is an optical system which has an 
eyepiece such that it is possible to observe the condensing point directly 
visually. 
[0076] 

It may be acceptable that the dispersing Hght flux generating section 
comprises a white Ught source and a monochrome meter which is a 
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spectrograph so as to measure a difference of the focal length according to a 

wave length in the optical system to be measured. 

[0077] 

It is explained that a number 11 which is obtained by assuming J=l 
in a calculation 3. However, the present invention is not limited to a case 
of j=l. It is possible to select j in N ways from 1 to N. Also, it may be 
acceptable if a focal length is determined by calculating the j in the 
calculation 3 by N ways of calculation and obtaining an average of a part of 
the calculation or an entire calculation. 
[0078] 

In the present embodiment, a refracting optical system is used for 
showing a disposition of the optical system to be meas\ired. However, it is 
possible to measure the focal length of the reflective optical system as shown 
in FIG. 7 in which the Ught flux which is from the dispersing light flux 
generating section 1 is reflected in an optical system 34 to be measured so 
as to introduce the reflected light flux to the light flux condensing point 
detecting section 9 by refracting the light flux by a half mirror 33. 



